The Future Harvest agricultural research centres of the consultative group on international agricultural research (CGIAR) interact with (agro)biodiversity in many, if not all of their priorities and subpriorities. We here focus on the research and development activities targeting forests and trees, and use examples from the Sumatra (Indonesia) benchmark to highlight four current initiatives in partnership with research and development agencies:
Introduction -the CGIAR and Millenium Development Goals
The Future Harvest centres supported by the Consultative Group on International Agricultural Research are committed to ending global poverty, contributing to the 2015 targets of the Millenium Development Goals, but also anticipating that further progress will be needed beyond that date, which requires that fundamental questions are addressed now. The Millenium Development Goals can only be reached by reducing both rural and urban poverty. Key dimensions of poverty are lack of food (quantity, quality), lack of income to buy food, lack of access to clean water, lack of access to energy, lack of voice in the public and political arena, lack of access to relevant education and lack of respect as a human being. Integrated natural resource management is essential to address all these dimensions of poverty, both for rural and urban poor. Forest use and protecttion, and forms of agroforestry (using trees on farm and in the landscape) will be an important component of integrated natural resource management reducing various forms of poverty.
Economic growth as provider of employment in urban and non-agricultural sectors has to be the main way out for the next generation of rural people across the tropics. This requires both the provision of affordable high quality food and the provision of clean water and other environmental services. The real and perceived contrast and tradeoffs between these two aspects of agroecosystems thus need to be resolved. Agricultural intensification has traditionally supported the 'affordable food' part of this relationship, but also caused concern on the environmental service side 1 . 'Domesticated forests' and agroforestry as pathway for a more gradual intensification has the potential to balance the food and water aspects of urban Millenium Development Goals, while also improving rural livelihoods. The CGIAR centres are jointly approaching these targets by partnering with national and international partners across the researchdevelopment continuum, with separate centres responsible for annual food crops, livestock, fish, trees and forest, as well as attention for integration at the ago-ecological zone level. We will focus here on the 'tree and forest' part of this agenda. In brief, the 'Forest and Tree' research priorities to support Millenium Development Goals are thus to support rural development processes that:
A. (=3) Reduce rural poverty through profitable farms based on agricultural diverse and high value commodities and products derived from trees, B. (= 4) Manage the water, land and forest resources in a sustainable way to maintain the provision of environmental services, C. (= 5) Improve policies and facilitate institutional innovation that balances the short and long term needs of both rural and urban parts of the population. To support these processes in the long term, a continued investment in plant (and animal) genetic resources is needed to D. (=1) sustain biodiversity and E. (=2) provide tree germplasm of high quality. Aspects A…E, in a different order are the 5 priority areas adopted by the CGIAR in December 2005. In this overview of how CGIAR science interacts with agrobiodiversity, we will highlight five current initiatives:
-the global DIVERSITAS Agrobiodiversity workplan and our links with the three main domains that it recognizes, -the CIFOR-ICRAF Biodiversity Platform that is focused on dynamic landscape mosaics, -the RUPES (Rewarding Upland Poor for the Environmental Services they provide) program in Southeast Asia, -efforts to get 'Belowground Biodiversity' recognized, managed, used and conserved -the CI -ICRAF 'Hot Spot' alliance, and use examples from ongoing work in Sumatra (Indonesia) to illustrate (and differentiate) these activities. 
Sumatra as microcosm of the biodiversity -productivity tradeoff
The relationship, or presumed relationship, between 'agricultural intensification' and 'forest protection' has been the focus of the 'Alternatives to Slash and Burn' (ASB) systemwide program of the CGIAR, with Sumatra as one of the global benchmarks . The agroforests of Sumatra represent a stage in the domestication of forests (Michon, 2005) and intensification of land use where the tradeoff is imminent between increased returns to labour and land of more intensively managed systems and the loss of environmental values due to such intensification (Joshi et al., 2003; Schrot et al., 2004; Tomich et al., 1998) . Agricultural intensification has been found to indicate necessary but not sufficient conditions for forest protection (Angelsen and Kaimowitz 2000, 2001; Tomich et al., 2001 Tomich et al., , 2005 . The associated 'Pandora's Box' problem (Tomich et al., 2005) refers to the likelihood that profitable intensive land use practices at the forest margin as alternative to less intensive and less profitable ones will attract migration flows in an open market for labour and land. Sumatra, adjacent to the smaller but densely populated Java, has become a study ground for the relationships at multiple spatial and temporal scales of the productivity -(forest) biodiversity relationship, as the general gradient of population density from Lampung in the south towards the centre in Jambi reflects the stepwise migration strategies of families displaced or voluntarily moving away from Java, into a land of mixed opportunities: fertile soils and opportunities for coffee cultivation in the mountains that are considered to be 'protection forests', and poorer soils in the lowland peneplain or swamp zone where resettlement has been officially promoted. Recently ICRAF has started further work in the Batang Toru area of N. Sumatra where the last substantive population of Orang Utan shares a mixed forest/ agroforest landscape in Batang Toru, and in the coastal zone of Aceh, where the Tsunami recovery represents a very dynamic phase in land use dynamics in a rubberdominated livelihood system. While much of the conventional attention to increases in agricultural productivity has been focused on the dosage-response curve and the (lack of) financial profitability of input use for smallholder farmers, the position of the response curve can be substanially varied by the overall condition of the soil and the health of the agro-ecosystem. Shifts from the low-efficiency (red) baseline towards the ecological potential (with 'unavoidable' losses restricting overall efficiency) may target the green domain in quadrant I. The negative effect on chemical inputs on agrobiodiversity (above and belowground) is widely acknowledged, and the equivalent red and black lines in quadrant III indicate the targets for the use of inputs with low eco-toxicological effects, to support the green target. Finally, these relations are reflected in quadrant II in the relationship between agrobiodiversity and productivity. The current baseline here is a strongly convex curve where moist biodiversity is lost in early efforts to enhance productivity, with relatively small further losses in intensification (but potentially a substantial 'substitution' effect where biological functions such as Biological Nitrogen Fixation have to be replaced by industrially fixed nitrogen). However, there is evidence of the 'dotted line' of ecological 
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potential of biodiversity-friendly agriculture, with the target domain in green, as in the other two quadrants. Please note that these quadrants represent 'co-variation', not unidirectional 'causation'.
If we have a closer look at this quadrant (Fig. 5) , we can identify four relative positions of agricultural systems:
A. High biodiversity, low productivity, as in the 'agroforest landscapes' of the humid tropics B. Low biodiversity, low productivity, as in many fragile agroecosystems under the impact of 'land degradation' C. High biodiversity, high productivity -an impossible dream scenario, but approachable in biodiversity-friendly agriculture D. Low biodiversity, high productivity, as found in intensively used agricultural landscape that (so far) have avoided thresholds of critical environmental degradation; the relatively low levels of agrobiodiversity may be highly appreciated in society…. Figure 5 . Relationship between agricultural productivity ('goods') and ecosystem quality as a basis for continued supply of 'services', with four broad domains for current agro-ecosystems (A…D), the red trajectories to be avoided and the socially desirable pathways in green
The ASB-Jambi benchmark area in Sumatra with its highly diverse rubber agroforests provides one of the primary examples of the 'green' target in reality. It represents domain A. Opportunities for enhancement of productivity (or at least profitability) while maintaining (close to) current levels of biodiversity can be generally indicated as 'clonal rubber polyculture' (Fig. 6 ).
Our research has highlighted that there are essentially two management styles: one based on the rotations that are common in the plantation world, where clear-felling and replanting maintain productivity, and one based on 'interplanting' ('sisipan' in Bahasa Indonesia) where a tree or gap level replacement maintains productivity in mixed-age and mixed-species stands. The opportunities for introducing high yielding clonally propagated rubber and selected fruit and timber trees in the latter system probably offer the best opportunity to achieve biodiversity-friendly, productive mixed garden systems Because Jambi (and other parts of Sumatra) had river-based economies and transport systems in the early part of the 20'th century when rubber (Hevea brasiliensis) became the mainstay of local livelihood strategies, the oldest rubber gardens are close to the river.
With the shift to a road-based economy in the 1970's, the landscape has been substantially re-organized with much of the current development focus in the interfluve positions that previously supported the remaining natural forests. As a consequence, the riparian rubber agroforests now offer a major opportunity to conserve biodiversity at landscape scale, as they are extensively used, provide connectivity and as little untouched natural forest remains. While there are a number of protected areas in Jambi (including three national parks: Kerinci Seblat, Bukit Tigapuluh, Bukit Duabelas) and innovative 'conservation concessions (operated by Birdlife International), the 'matrix' in between provided by rubber agroforests is probably of substantial conservation value.
CIFOR-ICRAF Biodiversity platform: 'Matrix Matters'
Following up on recommendations made by an external review panel, CIFOR and ICRAF have initiated a joint 'biodiversity platform' where landscape scale research across the forest -agriculture spectrum will be coordinated. The approach is a truly interdisciplinary one, as we recognize that communication gaps between three domains of knowledge (local ecological knowledge, the public/policy ecological knowledge of the public domain and the various disciplinary takes on scientific knowledge of ecological processes and patterns) need to be recognized before they can be addressed and overcome. (Fig. 7) . A key hypothesis for the platform is that the 'appreciation' of the environmental services provided by 'intermediate intensity' land uses such as agroforests depends on the overall character of the landscape and will increase with decreasing forest cover (Fig. 8) Figure 7 . Three domains of knowledge and five possible role for 'scientists' in enhancing the emergence of biodiversity-friendly productive landscapes in the interaction between local and policy-level stakeholders Figure 8 . Hypothesis of the way the productivity, local service contribution and external service (biodiversity) contribution of agroforestry (AF) and agriculture (Ag) may depend on the degree of non-forest cover; assumptions: product flows 10, 50 an 100 units per ha for forest, AF and Ag, respectively; local service value 100, 60 and 20, respectively with a 'scarcity' factor of 1.25; biodiversity intercept 0.05 and power 1.5, with relative area contributions of 1, 0.5 and 0.05, respectively. may well exceed the local appreciation when there is still some 'natural' forest in the landscape. With a further decrease in forest cover, the local appreciation of the intermediate intensity landscape elements is likely to increase, while the external value is bound to decrease (a matrix without gemstones to connect…). There thus appears to be justification for external involvement in a mixed landscape to provide conservation incentives, anticipating the increase in local appreciation of these elements of the landscape. 4 . ' G o v e r n a n c e ' 4 . ' G o v e r n a n c e ' 
RUPES
The RUPES (Rewarding Upland Poor for the Environmental Services they provide) program in Southeast Asia, explores the various emerging mechanisms across the spectrum of 'rewards' and 'payments' for environmental services (Fig. 9) . Figure 9 . Linkage of two 'subsystems' with their respective drivers in mechanisms that provide recognition and rewards for biodiversity (and other environmental service)-friendly land use practices in the uplands Figure 10 . Four steps in the development of sustainable reward mechanisms for environmental services that are based on 'real ES value', 'conditional and transparent rewards', 'manageable threat levels and opportunity costs' and 'guarded trust' between upstream and downstream stakeholders; rapid assessment approaches are available for 'scoping' 
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One of the main lessons of the RUPES program is that among the four 'environmental service' categories of interest (biodiversity conservation, watershed functions, carbon storage and landscape beauty), the more local value of watershed function has so far translated into more direct concerns and potential for tangible benefits for upland poor than the global functions of carbon storage and biodiversity conservation. Avoiding losses in still environmentally benign landscapes (domain A of figure 5) is institutionally more complex than efforts to rehabilitate landscapes that have suffered from a degradation phase -as 'win-win' situations are more feasible after a substantive 'loselose' trajectory (domain C of figure 5). Avoiding losses is only credible if it involves large areas, as the risk of 'leakage' by lateral transfer of ecological pressures is real. Ironically, the largest financial transfers for environmental services ion agriculturally used landscapes currently occur in the domain D of figure 5, where these services may be the lowest in absolute terms (but where industrialized societies can afford to pay and seek politically acceptable ways to maintain an agricultural sector).
In both 'human welfare' and 'ecosystem' discussions we can recognize a 'stock' and a 'flow' approach: the dominant poverty criterion of the Millenium Development Goals is income (and thus flow) based, rather than emphasizing access to assets (stock); the focus on 'environ-mental services' ('flows') provides a utilitarian justification for maintaining ecosystem integrity that ultimately depends on conserving natural capital ('stock').
Hotspot alliance
Through the Biodiversity Hotspots Alliance, Conservation International (CI) and ICRAF have recently joined forces to enhance the integration of livelihoods and biodiversity conservation through the science and practice of agroforestry. The alliance will focus on "Enhancement of Conservation Landscapes through Agroforestry Science and Technology (ECOLAST)" to foster innovations in balancing livelihood needs with biodiversity conservation. CI and ICRAF are currently engaged in a project on conservation of orangutan and development/strengthening of sustainable agroforestry land use alternatives in Batang Toru in Northern Sumatra. The ECOLAST initiative will help deliver agroforestry innovations to enhance conservation of orangutan habitats while generating livelihood benefits for smallholder farmers. Research will foster critical learning for landscape conservation strategies more generally and help to draw attention on environmental (biodiversity) services from agroforestry systems that enhance connectivity and stabilize populations in forest remnants). Evidence so far indicates that belowground biodiversity is more resilient than aboveground manifestations of biodiversity, but that there are thresholds that have to get serious attention, as soil degradation is poorly reversible once the domain of resilience is trespassed. Where land use affects the replacement of an indigenous flora and fauna by exotic invasives, such thresholds may well be crossed in de facto irreversible ways. Current research in the coffee agroforestry landscape of Sumber Jaya (Lampung, Sumatra) provides insights into reversible litter-based effects, and probably irreversible biotic effects, as the native earthworm fauna (endogeic) of the forests (larger size Methaphire spp) becomes replaced by invasive exotics (smaller Pontoscolex spp) in the coffee monocultures, with multistrata coffee gardens as a transition zone. (Hairiah et al., 2005 and work in progress) Figure 12 . Conceptual scheme of the relationships in coffee gardens of various levels of structure ('multistrata' or 'simple') and plant diversity and the watershed functions that are a concern of downstream stakeholders; ongoing research in Sumber Jaya tries to distinguish between the 'biotic' and 'resource-based' pathways between farmer land management and environmental effects 
Discussion -synergies between networks and international public goods
Within the CGIAR there is current debate on the optimum positioning along the research-development continuum (Table 1) , so as to meet the expectations on the generation of 'international public goods' as well as the more immediate 'development impact' that the national governments and international donor community wants to achieve as part of the 'Millenium Development Goals'. The only way for CGIAR centres to avoid being pulled apart between these two forces, is to be strategic in its partnerships. The examples provided here for Sumatra may show the value of a long-term commitment to 'benchmark' areas that have a recognizable 'domain of similarity' for wider application, while they harbour significant contrast that facilitate hypopthesis testing at both pattern and process level. 
Identifying next generation issues
The ASB benchmark areas in Sumatra have become part of the DIVERSITAS Agrobiodiversity network, the CIFOR-ICRAF biodiversity platform, the RUPES program, the CI-ICRAF hotspot alliance and the Below Ground Biodiversity (BGBD) project., as well as more direct development-oriented programs on smallholder rubber agroforestry, postTsunami recovery of Aceh with 'trees farmers want' and negotiation support systems to resolve conflicts over land between (migrant) farmers and the local government. So far this bundling of activities has been mutually beneficial.
